The aim of this study was to investigate the effects of age, menopause, and comorbidities on neurological function of the female genitalia using a noninvasive, validated technique. In all, 58 consecutive women were enrolled in the study. Biothesiometry was performed at five genital sites and one peripheral site with S2 dermatome distribution. Kruskal-Wallis one-way ANOVA on ranks was used to evaluate the relationship between age and vibratory sensation. Bivariate and regressional analyses were performed to evaluate the effects of age, menopause and comorbidities on genital sensation. The mean age was 44.6 þ 14.8 y (range 20-78 y). Vibration thresholds increased with advancing age at all six sites. Multilinear regression analysis indicated that menopause and increasing age negatively affect sensation. History of herniated lumbar disc, vaginal delivery, and diabetes variably affected genital sensation. There is a significant increase in vibration thresholds (indicating worsening neurological function) in women as they age and undergo menopause. Biothesiometry is a technique for evaluating genital neurological function in women with coexisting morbidities.
Introduction
Quantitative sensory testing (QST) is a proven, valid technique of assessing peripheral neural function in normal and diseased states, such as diabetes mellitus, human immunodeficiency virus (HIV), exposure to neurotoxins, and iatrogenic neuropathies caused by chemotherapy. [1] [2] [3] [4] Light touch, pressure, and vibration are transmitted via large, myelinated group A beta fibers in peripheral nerves, as well as in the dorsal column of the spinal cord. The elaborate pathways, which include central, sympathetic, parasympathetic, and somatic interconnections, are paramount in the normal function of the female genitalia. Thus, anatomical, pathological, or functional alterations of these nerve bundles can potentially affect innervation and sensation in this area of the body.
Biothesiometry has been shown to be a reliable modality in the evaluation of cutaneous sensitivity to vibratory sensation in the female genital region. Assessment of sensory function is based on the perception of a quantified, controlled stimulus. In the evaluation of two sites on the female genitalia (clitoris and vulva) that are innervated by the pudendal nerve, Vardi et al 5 used biothesiometry, thermal thresholds, and tactile sensitivity in normal women, and established these techniques as valid descriptors of sensory status in the female genitalia. Specifically, ascending vibratory thresholds were found to have better reliability, validity, and reproducibility than other modalities, and are therefore the most precise instruments for neurological function screening.
The aging process and many diseases have been associated with neural degeneration and dysfunction. Any disease affecting the spinal cord or central nervous system can potentially affect peripheral sensation. Similarly, common medical disorders, such as diabetes and HIV infection are well-known causes of peripheral neuropathy in the lower extremities. QST has been shown to diagnose successfully subtle neurological changes associated with normal aging and diabetes. 1, 6, 7 Unfortunately, there are no studies to date using this modality to evaluate the effects of age or menopause on lower genital tract sensation in women with peripheral or central nervous system disorders or diabetes.
Effects of menopause and hypoestrogenism on neural function are not well known. Several studies using pressure thresholds have shown decreased sensitivity of the vulva with menopause and hypoestrogenism, increased sensitivity with topical estrogen use, and a higher prevalence of a bulbocavernosus reflex in women taking hormones. These findings suggest that estrogen may play a role in the local sensorineural response of the female genitalia. [8] [9] [10] A study comparing vibratory thresholds in postmenopausal women on hormone replacement to those who were not found no difference between these groups; however, this investigation only studied women with female sexual dysfunction. 11 Further investigation is needed to evaluate the effects of menopause and hypoestrogenism on female genital sensation.
Vaginal delivery and labor have been shown to be associated with denervation and disruption of the pudendal nerve. In several studies, prolonged pudendal nerve terminal latencies were found in women who labored, irrespective of the mode of delivery, and in patients who had a vaginal delivery. These data support the supposition that innervation of the pelvic floor muscles is damaged after childbirth. [12] [13] [14] [15] Genital sensation after childbirth, however, has not been investigated.
The purpose of this study was to further explore the use of quantitative sensory testing, using biothesiometry, to evaluate the influence of age and menopause on the neurological integrity of the female genitalia and to delineate normal from abnormal states. In an effort to identify confounding variables that may impact our findings, we secondarily sought to determine the effects of comorbidities on genital sensation. We studied the two genital sites previously reported by Vardi et al 5 (clitoris and vulva) and have also included the evaluation of the external urethral meatus and the right and left side of the perineal body, since all of these sites are innervated by the pudendal nerve. Since no studies to date have evaluated the effects of comorbidities on the female genitalia, we designed this pilot study to test the null hypothesis that age, menopause, prior vaginal delivery, and a history of neurological disorder have no effect on the vibratory sensation of the female genital tract.
Material and methods
After Institutional Review Board approval of the study, consecutive patients attending Urogynecology and Gynecology clinics at our institution between April 2002 and July 2002 were recruited with informed consent. In all, 58 patients were prospectively enrolled and were assessed and tested by two of the investigating researchers (KC and MKG). The first 25 patients enrolled underwent testing performed by both examiners to confirm standardization of the technique and subsequent exams were performed by either of the two investigators. All participants underwent a thorough evaluation, consisting of a detailed neurological, gynecological, and obstetrical history. Significant neurological conditions that were screened for in the study population were herniated disc, peripheral neuropath, and a history of central nervous system disorders (cerebral vascular accident, multiple sclerosis, Parkinson's disease, etc.). Menopause was defined as the cessation of menses for at least 1 y or absent menses for at least 3 months with a follicular stimulating hormone (FSH) level 420 IU/ l. A careful gynecological history and examination were performed. The exclusion criteria included age under 18 y, HIV disease, pregnancy, menses, and active vulvar lesions.
Sensory testing was conducted along the S2 dermatome regions of the vulva, clitoris, external urethral meatus, the right and left sides of the perineum, and the medial right ankle. Prior to commencing, patients were told which areas would be evaluated and a demonstration was performed on the patient's hand to ensure a thorough understanding of the sensations to be reported. The study was then conducted with the patient in the lithotomy position and blinded to the voltage of the instrument being applied. Vibratory thresholds were determined using a biothesiometer with a stimulus frequency fixed at a 120 Hz signal (Biomedical Instrument Company, Newbury Ohio, USA). Using the method of limits, the stimulus intensity was gradually increased at the aforementioned sites until the patient indicated the minimal energy needed to distinguish between vibration and static touch.
are given in Table 1 . The majority of the patients were parous (79.1%), nonsmokers (67.2%) who represented ethnic minority groups (91%), and approximately two-thirds (67.2%) of patients had a history of a prior vaginal delivery. The central nervous system disorders reported by two patients were a cerebrovascular accident and a ventral peritoneal shunt secondary to congenital hydrocephalus.
To evaluate the association of age and vibratory sensation, the patients were stratified into four groups of 10-y intervals as follows: 20-29 y (n ¼ 10), 30-39 y (n ¼ 13), 40-49 y (n ¼ 17), 50-59 y (n ¼ 8) and one group of a 20-y interval, 60-79 y (n ¼ 10). The last age group consisted of a 20-y interval due to the paucity of patients in these age groups. Vibratory sensation thresholds progressively increased with advancing age and the highest threshold was observed in the 60-79 y age group. We found a statistically significant difference between the five age groups for vibratory thresholds at the urethral meatus and the right and left perineum. At the clitoris, significant increases in vibratory thresholds were noted at each progressive age group except for the 40-to 49-and the 50-to 59-y-old groups, which showed a nonsignificant increase in the vibratory threshold with age. At the vulva, a significant increase in vibratory thresholds was noted beginning with the age group 30-39 y and continued to increase with advancing age. However, there was no difference in vibratory thresholds between the younger age groups, 20-29 and 30-39 y (Figure 1) . Table 2 demonstrates the significance of each variable on genital sensation using the MannWhitney rank-sum test. Menopause (n ¼ 21) was found to be a significant factor in decreased sensation at all five sites of the genitalia, but did not affect the lower extremity. The presence of diabetes (n ¼ 6) and a history of a previous vaginal delivery (n ¼ 39) had negative influences on genital sensation; however, these findings were not consistent at all five sites for these variables. Neurological disorders did not have a significant impact on genital sensation; however, a history of herniated disc (n ¼ 5) was found to be significant at the vulva (P ¼ 0.03) and right perineum (P ¼ 0.04) when analyzed separately from central nervous system disease and peripheral neuropathy.
In an attempt to further explore the contribution of age, menopause, diabetes, vaginal delivery, and neurological disorders on genital and peripheral sensation, multiple linear regression analysis was performed. Our results indicated that overall, menopause and increasing age were positive predictors of increased thresholds and worsening neurological function. Menopause negatively affected neurological function at all sites with the exception of the right perineum and right ankle, while age negatively affected the vulva, clitoris, external urethral meatus, and the medial right ankle. History of a prior delivery, diabetes, and neurological disorders were not predictive for neurological deficits in this analysis, as seen in Table 3 .
Discussion
QST is commonly used in assessing sensation in patients with neural dysfunction due to peripheral and central nervous system disorders. 16 Age dependency has been shown for vibratory thresholds in the genital region of normal women as well as in the skin of the limbs. 5 This is consistent with our findings at the genitalia and the lower extremity, and may reflect neural degeneration as a part of the natural process of aging. In contrast, Berman et al 11 found no differences in genital vibratory sensation between older and younger women. In their study, exclusively comprised of women with sexual dysfunction, age was grouped into two categories: age 55 y and over (older women) and age 54 y and under (younger women). In our study, we chose to analyze age in interval groups, which may have allowed for the detection of subtle changes that possibly occur with advancing age. Concordant findings were obtained in the regressional analysis at all sites of the genitalia except at the perineum where the increased thresholds that occurred with age were not statistically significant. Although no difference was seen between the 20-29 y and 30-39 y age group in the vulvar region, a statistically significant increase in the threshold was noted in this area beginning at age 40 y and continuing up to the maximal age group 60-79 y. In addition, multivariate analysis confirmed that age is an independent factor in genital sensation. One explanation for these findings is that subtle changes in genital sensation in younger women may result in a failure to detect a difference. It is possible that the small numbers of subjects in each age category thus precluded our ability to detect a difference using this method. Investigation with a larger sample size is currently underway to confirm our findings. Menopause is associated with hypoestrogenism and atrophy of the lower urogenital tract in women. The beneficial effects of estrogen on epithelial proliferation and maturation are well documented; however, there are limited data on its effects on sensorimotor function in postmenopausal women. [17] [18] [19] Helstrom et al found no differences in vibratory thresholds during different phases of the menstrual cycle. Nor did they find a correlation between vibratory thresholds and serum estradiol levels. 20 However, studies on the effects of estrogen on cutaneous and soft-tissue pain thresholds in premenopausal women showed a heightened sensitivity at the mid-cycle of the menstrual phase. 8 Romanzi et al found a correlation between menopause and hypoestrogenism and reduced vulvar 
Female genital sensation K Connell et al sensitivity to pressure and touch. Postmenopausal and hypoestrogenic women had significantly reduced sensitivity compared to premenopausal, normoestrogenic women, and the findings were more pronounced in the postmenopausal women who were not receiving hormone replacement therapy. 10 Foster et al evaluated the effect of vulvovaginal estrogen on the sensorimotor response of the lower genital tract using pressure thresholds. They discovered a rapid improvement in the sensitivity of the mechanoreceptors of the vulvar vestibule after 4 weeks of topical estrogen therapy and an even greater response after 6 weeks of treatment. 8 Hypotheses of heightened sensitivity with the use of estrogen include increased blood flow to the genital region, improvement in oxidative metabolism of sensory receptors, prevention of atrophy, and maintenance of peripheral sensory perception. 8, 10 showed that the sensory field of the pudendal nerve was significantly larger in estrogen-treated ovariectomized rats compared to controls. Kow et al 22 demonstrated the same results in a similar study and also found a trend toward increased receptor sensitivity as a result of estrogen administration to ovariectomized rats.
Recent advances in technology have led to the discovery of estrogen receptors in various tissues, which may give further insight into the mechanisms of action of estrogen. In estrogen receptor-positive neurons, estrogen has been shown to stimulate the outgrowth of neurite processes 23, 24 and to act as a growth factor. 25, 26 It also has the ability to stimulate synaptic plasticity [27] [28] [29] and regulate neuronal survival. 30 In addition, estrogen has been shown to induce and accelerate neurotransmitter expression. 29, 31, 32 Papka et al investigated estrogen receptor a and b immunoreactivity and mRNA in neurons of sensory, autonomic ganglia, and spinal cords in female rats. Both receptor subtypes were present in the nuclei of neurons, in subpopulations of parasympathetic neurons and sensory neurons of the pelvic ganglia. In addition, they were found in the lumbosacral spinal cord and in 'uterine-related' neurons. In situ hybridization revealed that estrogen receptor a and b mRNA transcripts were synthesized by automic and sensory neurons that connect with the female reproductive organs. 33 The findings of this important study suggest that estrogen can influence the activity of genital neurons and thereby induce the response of the reproductive organs.
In this study, we noted significant increases in vibratory thresholds indicating worsening neurological function in postmenopausal women. This finding was consistent in both bivariate and multilinear regressional analysis and confirms the results of similar studies evaluating the effects of menopause on genital sensation. 8, 10 It is unfortunate that the number of menopausal patients on hormone replacement therapy in this sample was too small to show an effect on sensation (n ¼ 3), however, Berman's study of women with female sexual dysfunction found no difference in vibratory thresholds between postmenopausal women on hormone replacement therapy (n ¼ 13) and those who were not taking hormones (n ¼ 9).
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What is most interesting in our findings is that age had a broad effect on the nervous system, affecting both genital and peripheral sensation, whereas menopause only affected genital sensation where estrogen receptors are concentrated. This strongly suggests that estrogen exerts an influence on genital innervation and is consistent with antecedent animal studies. Further randomized, controlled trials with larger sample sizes are needed to confirm the influence of estrogen and menopause on sensory receptors. There is also a need for translational research in the basic sciences with regard to the mechanisms of action of estrogen on neurological function and the reproductive organs in humans.
The findings of age and menopause having a negative impact on neurological function have been consistent in this study. Other factors, however, were variable in their effect on sensation of the genitalia. Although the sample sizes in these categories were small, it is interesting to explore possible explanations for these findings since these factors are associated with potential neurological damage.
Vaginal delivery and the process of labor itself have been associated with muscular and neurological pelvic floor damage. [12] [13] [14] [15] Pudendal nerve terminal motor latency testing (PNTML) has been used in the assessment of neurological function after childbirth. Sultan et al compared antenatal latencies to postnatal latencies, including separate, bilateral PNTML. These investigators also evaluated degree of perineal descent and prolongation of PNTML. They found that vaginal delivery, particularly the first, results in significant pelvic floor tissue stretching and pudendal nerve damage. Two-thirds of the women with an abnormally prolonged PNTML at 6 weeks had normal test results at 6 months, indicating that permanent neurological damage occurs in only a small proportion of women. 12 Our inconsistent findings of decreased sensation due to vaginal delivery may be the result of having a small sample size or possibly the effect of regaining neural function after delivery in the majority of women.
Any central nervous system disorder can potentially affect peripheral sensation. Quantitative sensory testing in patients with central disorders is limited. Samuelsson et al measured perception thresholds for temperature and thermal pain in patients with various lacunar syndromes. Using this modality, they confirmed an involvement of spinothalamic pathways in lacunar infarcts causing pure impairment in patients with isolated sensory and sensorimotor stroke as well as subclinical impairment in patients with motor strokes alone. 34 It has also been shown that patients with unilateral cerebral lesions have higher thermal thresholds indicating sensory deficits. 35 Although we found no correlation between genital sensation and vibratory perception thresholds in patients with a prior history of neurological disease, only two patients had CNS disorders and thus, these patients could not be analyzed separately. The use of quantitative sensory testing in this population needs to be evaluated in larger studies.
Lumbar disc herniation is associated with radiculopathy and can cause sciatica by affecting adjacent Female genital sensation K Connell et al nerve roots. 36 Quantitative sensory testing has been shown to be helpful in evaluating this disease process. Thermal warmth detection thresholds have been successfully used in patients with lumbar radiculopathy to evaluate the preoperative integrity of the small, nonmyelinated C fibers and to predict prognostic outcomes of surgery. 37 Current perception threshold testing and thermal quantitative sensory testing have been used to reveal neurological deficits in patients with lumbar radiculopathy secondary to lumbar disc herniation compared to controls. They have also proven to be useful in quantifying sensory nerve dysfunction in patients with lumbar herniation and radiculopathy. 38, 39 In this pilot study, analysis of vibratory thresholds in patients with lumbar disc herniation indicated that this disease had variable effects on genital sensation. This may be the result of varying degrees of involvement of adjacent discs and nerve roots, including the sacral region where the pudendal nerve originates. The small sample size may have been too small to detect a difference at all genital sites.
Distal, symmetrical polyneuropathy is a commonly reported finding in women with long-standing diabetes. Diabetic neuropathy has a clinical prevalence of 60% and problematic neuropathy occurs in approximately 20% of patients. 40, 41 Our sample size of diabetic patients was small, which may account for the inconsistent correlation between diabetes and neurological deficits in the genital region. Although only six patients in this sample had diabetes, it is interesting to note that decreased sensation was found at two sites on the genitalia: the urethra and the vulva. Larger studies that include the evaluation of hemoglobin A1C levels and insulin use are necessary to further evaluate the role of diabetes on genital sensation.
Our study was limited in that we had a large proportion of minority women enrolled. This skewed population represents the population of the metropolitan neighborhood where the study was conducted. Future studies using a sample that has greater representation of other ethnicities are warranted.
Conclusion
Our results are in agreement with previous studies, confirming the concept that biothesiometry is a simple, noninvasive, and valid diagnostic tool that may be utilized to assess genital sensation and innervation. In the present study, we noted that age and menopausal status negatively influence genital sensation in women, and that age alone is responsible for affecting peripheral sensation. Although some neurological deficiencies were noted to result from diabetes, a history of a prior vaginal delivery and herniated disc, further investigation is necessary using larger sample sizes to determine the full impact of these variables on sensation of the female genitalia. After establishing the effects of comorbidities on the sensation of the female genitalia, future studies may be performed correlating subjective responses and neurological integrity while controlling for factors that have been proven to influence these outcomes negatively.
